A 10-year-old boy was admitted to hospital with a 3 month history of intermittent spasms of the wrists and ankles, and twitching of the eyelids. He also had polyuria, polydipsia, nocturnal enuresis, fatigue and constipation since he was a toddler. Physical examination revealed normal blood pressure, myokymia on the right eyelid and bilateral carpopedal spasms. Laboratory investigation revealed hypocalcemia, hypokalemia, increased plasma renin and aldosterone , hypercalciuria, metabolic alkalosis, and bilateral medullary nephrocalcinosis. Cranial computed tomography was normal. Based on the clinical and laboratory findings he was diagnosed as having Bartter's syndrome, which is characterized by hypochloremia, hypokalaemia and metabolic alkalosis associated with potassium renal leakage, with normal blood pressure despite increased plasma renin activity. 
Introduction
Bartter's syndrome (BS) is a well described but uncommon disease characterized by hypochloremia, hypokalaemia and metabolic alkalosis associated with potassium renal leakage and normal blood pressure despite increased plasma renin activity (1) (2) (3) . A severe form of BS may afflict newborns. It is characterized by polyhydramnios, prematurity, dehydration secondary to marked urinary sodium, potassium and water loss, and growth failure; hypercalciuria and nephrocalcinosis are common. Young children typically present with growth failure, muscle weakness, constipation, and polyuria. Older children have muscle weakness or cramps and carpopedal spasms (4) . The estimated incidence of BS is 1.7/100,000 live births (5) . Herein, we present a child who was admitted with manifestations of tetany and diagnosed as having BS associated with nephrocalcinosis. His findings were atypical, with the clinical manifestation of both the neonatal form and the classic forms of BS.
Case Report
A 10-year-old boy was admitted with a 3-day history of spasms of the wrists and ankles, and twitching of the eyelids. These complaints, which were lasted 24 or 48 hours, were first noted 3 months previously, with spasm attacks recurring 2-3 times per week. He was not examined by a physician, because spasm attacks subsided spontaneously. He was admitted to our Emergency Department, because the latest attack did persist. On questioning, he had polyuria, polydipsia, nocturnal enuresis,
CASE REPORT
A case of Bartter's syndrome associated with nephrocalcinosis presenting with tetany fatigue and constipation since toddler age. Polyhydramnios was not noted during pregnancy and his developmental milestones were normal. The family history was also unremarkable.
Physical examination revealed body temperature was 36.9 ºC; pulse rate 132/min; respiratory rate 32/ min; and arterial tension 120/80 mmHg. The weight and height were 25 kg and 128 cm, respectively (both between 3 rd -10 th percentile). His general condition was good. Myokymia was diagnosed on the right eyelid. He also had fasciculations of his tongue and of muscles of his legs, and bilateral carpopedal spasms. No muscle weakness was noted. The remainder of the physical findings was normal.
On admission urinary analysis revealed pH was 7.5; specific gravity 1.010; and normal urinary sediment. Urinary sodium level was 82 mmol/L (Normal: 20-40 mmol/L); potassium 23 mmol/L (Normal: < 20 mmol/L); chloride 60 mmol/L (Normal: 20-40 mmol/L); calcium/creatinine ratio 1.08 (Normal: < 0.21); urinary calcium 5.3 mg/kg/ 24 hr (Normal: < 4 mg/kg/24 hr). Routine blood analysis disclosed; hemoglobin was 14.9 g/dL; leukocyte count 9,700/mm 3 ; platelet count 586,000/ mm 3 ; and erythrocyte sedimentation rate 20 mm/ h. Serum electrolytes, renal and liver function tests were as follows; blood glucose level was 125 mg/dL; serum sodium 136 mEq/L; potassium 2.9 mEq/L; chloride 91 mEq/L; blood urea nitrogen 10 mg/dL; creatinine 0.7 mg/dL; magnesium 1.7 mg/dL; calcium 6.9 mg/dL; phosphorus 1.3 mg/dL; uric acid 3.1 mg/dL; aspartate aminotransferase 36 U/L; alanine aminotransferase 53 U/L; alkaline phosphatase 344 U/L; total protein 7.4 g/dL; and albumin 4.3 g/dL. Blood gas analysis revealed metabolic alkalosis. Serum parathyroid hormone level was 43 pg/mL (Normal: 12-72 pg/mL), plasma renin activity 25 ng/mL/hr (Normal: 0.5-5.9ng/mL/hr); and aldosterone level 580 pg/mL (20-240 pg/mL). Urinary and blood amino acids were normal. Electrocardiography was also normal. Renal ultrasonography showed generalized bilateral medullary nephrocalcinosis (Figure 1 ). Cranial computed tomography was normal. Unfortunately, we could not perform genetic analysis due to lack of laboratory facilities.
The patient was hospitalized to investigate the etiology of hypocalcemia and intravenous calcium was administrated. After initiation of calcium, carpopedal spasms were improved and then serum calcium level became normal . Based on the clinical and laboratory findings he was diagnosed as having BS. During hospitalization calcium was discounted and potassium chloride (10 mL by mouth three times a day) was ordered. No spasm attack was noted after initiating potassium chloride. He was discharged from the hospital with potassium chloride supplementation on the 15 th day of admission. After 15 months of follow-up, he was symptom-free.
Discussion
Three forms of BS are identified as follows: 1) Gitelman syndrome or hypocalciuria hypomagnesemia syndrome is a mild form often discovered in childhood or teenagers by reason of tetany. It is a homogeneous disorder related to mutations of the genes encoding the thiazidesensitive sodium-chloride cotransporter located in the distal convoluted tubule. 2) antenatal BS with hypercalciuria and nephrocalcinosis or hyperprostaglandin E syndrome is a severe form, often revealed by hydramnios, prematurity and growth delay. It is related to mutations of two types of genes encoding for transporters of Henle's loop: the bumetanide-sensitive cotransporter Na-K2Cl (NKCC2) [type I] or the inwardly rectifying potassium channel (ROMK) [type II]. 3) the classical form or type III BS, often revealed by dehydration in the first year of life, is associated with hypomagnesemia in 20% of cases and normal or increased calciuria. This form is related to mutations of CLCNKB gene encoding for a chloride channel in Henle's loop. This classification, in part related to the demonstration of mutations in the genes encoding for tubular chloride or potassium channels, does not fit all cases, and overlapping syndromes are frequent (2, 3) .
Previously, three genes (SLC12A2, the sodiumpotassium-chloride co-transporter; KCNJ1, the ROMK potassium ion channel; ClC-Kb, the basolateral chloride ion channel) had been identified as causing antenatal and 'classic' Bartter syndrome. Two additional genes have now been identified. Barttin is a beta-subunit that is required for the Barter's syndrome, nephrocalcinosis and tetany B Ataş et al trafficking of CLC-K (both ClC-Ka and ClC-Kb) channels to the plasma membrane in both the thick ascending limb and the marginal cells in the scala media of the inner ear that secrete potassium ionrich endolymph. Loss-of-function mutations in barttin thus cause BS with sensorineural deafness (6). Our patient had tetany, polyuria, polydipsia, nocturnal enuresis, fatigue, constipation, normal blood pressure, hypocalcemia, hypokalemia, increased plasma renin and aldosterone concentrations, hypercalciuria, metabolic alkalosis, and bilateral medullary nephrocalcinosis. According to the classification mentioned above, he had both the clinical manifestations of neonatal form and classic form of BS. Because we could not analyze NKCC2 or ROMK or ClC-Kb gene mutation, a definite classification of our patient could not be performed. Our case may be an unusual form of classic BS or neonatal form of BS, but most probably an overlapping syndrome.
Tetany, a state of hyperexcitability of the central and peripheral nervous systems, results from abnormal concentrations of ions in the fluid bathing nerve cells. These abnormalities may include decreases of hydrogen (alkalosis), calcium, or magnesium. A decreased potassium can prevent tetany despite low calcium concentrations; a rising potassium can precipitate tetany in a patient with low calcium. A range of ionic concentrations exists at which tetany can be latent of manifest (7). Our patient had hypocalcemia as well as hypokalaemia; therefore, the symptoms of tetany did not appear until 10 years of age.
BS must be differentiated from licorice abuse, laxative or diuretic use, persistent vomiting or diarrhea, pyelonephritis, and diabetes insipidus. Several of these are associated with hypovolemia, which results in a low urinary chloride level, whereas BS is associated with an elevated level. BS may also be confused with Gitelman syndrome. Both disorders are associated with hypokalemia, renal potassium wasting, activation of the renin-angiotensin-aldosteron axis, and normal blood pressure. Patients with BS have normal to decreased serum magnesium levels, normal urinary magnesium excretion, and normal to increased calcium excretion; patients with Gitelman syndrome have hypomagnesemia, increased urinary magnesium, and decreased calcium excretion (4). Our patient's clinical and laboratory findings were completely consistent with BS.
Although most patients with BS present with growth failure as in the series of Abdel-al et al. (5) tetany as a sole manifestation as in our case has also been reported in the literature (1,3-5,8 ).
In conclusion, we would like to emphasize that both the clinical manifestations of neonatal form and classic form of BS as an overlapping syndrome might be seen in the same patient and BS should also be considered in children with tetany as in our case.
